Purpose: To evaluate waiting lists during the coronary artery bypass graft (CABG) diagnostictherapeutic pathway of patients, in order to detect the actual waiting time between diagnostic evaluation and surgery, and to explore if coronary angiography provides an option as a starting point of waiting lists for CABG patients. Methods: We analyzed 496 hospital discharge cards (year 2009) from main cardiac surgery units in Apulia, Italy. Exclusion criteria were emergency patients coming from regions other than Apulia, and CABG associated with cardiac valve surgery. Results: A total of 97.6% patients underwent CABG within 0-30 days of their reservation date, and 81.7% passed from the first diagnostic step to coronary angiography within 0-30 days. The mean time delay in the diagnostic (ie, the time elapsing from the date of first test performed to detect coronary heart disease and that of coronary angiography) and therapeutic (ie, the time elapsing from the date of waiting-list admission and that of cardiac surgery unit admission) phases was 17.3 ± 31.306 and 5.09 ± 9.375 days respectively; 27% and 19.8% underwent CABG within the same day or at least the day after reservation day, whilst 47.2% completed the diagnostic phase on the same day. Conclusion: The waiting lists for CABG surgery diagnostic-therapeutic phase in Apulia are short.
Introduction
The Italian health care system is facing an ongoing and worrisome issue: waiting lists in clinical practice. Cardiovascular diseases are strongly linked to waitinglists problem. [1] [2] [3] [4] Epidemiological data on acute coronary syndrome (ACS) in Italy   5 revealed an incidence of 227.3 per 100,000 for men (aged 25-84 years) and 97.9 per 100,000 for women (aged 25-84 years), and a prevalence of myocardial infarction of 1.5% in men and 0.4% in women. These data suggest that delays in ACS treatment affect a huge number of the population, decreasing life expectancy. Considering that the prevalence of chronic and often asymptomatic cardiovascular diseases could be considered even higher than ACS, the importance of evaluating waiting lists in the health system is clear. The Italian National Program for Waiting List Management 2010-2012 was a mandatory initiative that obliged regions to reduce at minimum time-to-treatment effectiveness by sending real and practical proposals about this matter to the Italian health minister. Cardiovascular and cardiac surgery waiting lists were part of this national evaluation. At the moment, there is no consensus in Italy on an exact prespecified time from which a coronary artery bypass grafting (CABG) waiting list should start.
The aims of this study were: (1) to evaluate waiting lists during the diagnostic-therapeutic pathway of CABG patients, in order to detect the actual waiting time between diagnostic evaluation and surgery; and (2) to explore if coronary angiography provides an option as a starting point of the waiting list for CABG patients, in relation to its crucial role in the diagnostic phase of coronary artery disease patients and its consequential role in directing (or not) patients towards surgery or percutaneous or medical therapy.
Materials and methods

Study population
We analyzed 956 hospital discharge cards (HDCs) from 2009 of all patients admitted to main cardiac surgery units (CSUs) in the Apulia region, Italy, considering only patients who underwent CABG after a programmed hospital admittance.
HDCs are special cards aimed at gathering information related to patients discharged from private and/or public health departments in national territory. By means of HDCs and in agreement with privacy laws, one finds specific information about the clinical pathway of a patient, from admission till discharge: his/her personal data, every instrumental examination undertaken and its related dates, the final diagnosis, etc. These HDCs allowed us to collect all information in a relatively simple manner in order to satisfy our study aims.
Exclusion criteria during CSU HDC analysis were: (1) urgent admission to a CSU for CABG; (2) active and passive mobility, ie, patients coming from regions other than Apulia; and (3) CABG associated with cardiac valve surgery, because in these cases CABG was not the main surgery but was necessary due to valve dysfunction. 6 The patients underwent CABG surgery in agreement with the current guidelines on myocardial revascularization therapy. 6 When angioplasty and percutaneous techniques were an alternative to CABG, patients could not be included in our research. In fact, their HDCs did not show any indication of CABG interventions, thus they could not be evaluated by our research team.
We included only patients whose HDCs had a code for CABG and for cardiovascular diseases, not considering cases without an admission reservation. The first step to detect the start of the diagnostic phase was to focus attention on the diagnostic events before therapeutic admittance of the patients to the CSU. In particular, we took into account diagnostic tests performed up to 180 days before therapeutic hospitalization, using HDC flow and ambulatory assistance codes:
• exercise stress tests • myocardial perfusion scintigraphy • echocardiography at rest and during pharmacological/ exercise stress • cardiac computer tomography • cardiac magnetic resonance.
In the case of several tests performed within the previous 6 months, we considered the one nearest to the therapeutic admission date. We included cases in which the first diagnostic test date coincided with that of coronary angiography. The date of test execution is important to establish the beginning of the diagnostic phase, because that is the moment in which the specialist confirms the need for coronary angiography evaluation.
Coronary angiography was considered the most recent test to conclude the diagnostic phase before reserving a place in the CSU. Naturally, a patient could undergo coronary angiography several times within the preceding 6 months; we only considered the nearest one to the therapeutic admission.
Coronary angiography has been considered as the leading point from which a waiting list for CSU admission should start. The choice of this test had not been compared to others, and maybe this could be considered a limitation of the present research. Nevertheless, we thought that this is a fundamental test, the latest test in order to judge a patient suitable or not for CABG intervention. At the moment, there is not any test able to distinguish patients as suitable or not for CABG procedures. Furthermore, in agreement with the observational nature of the present work, coronary angiography is easily traceable in the analysis performed, because it was well defined by mean of the specific codes in the HDCs considered. Before coronary angiography, a stable patient cannot be included in a waiting list, because no information can be detected about the morphological and even functional condition of coronary vessels. All these considerations led us to choose the date of coronary angiography as the starting point for a waiting list.
The procedure excluded cases in which it was possible to trace the reservation admission date, but on that date the patients underwent the first diagnostic test and the coronary angiography and surgical procedure was performed: those are clearly cases of urgent events erroneously considered "programmed."
The criteria described refer to the National guidelines to monitor waiting lists during CABG diagnostictherapeutic pathways.
According to the aforementioned procedures, the final number of patients involved in our analysis was 518, although we did not consider 22 patients belonging to the group who underwent urgent surgical revascularization therapy. For this reason, the final number of HDCs evaluated was 496 (51.9% of all the patients discharged in 2009 that underwent CABG). The present study was approved by ethical committee and is in agreement with the principles of the Declaration of Helsinki. It was also approved by the National Ministry of Health.
Statistical analysis
Continuous variables were expressed as means and standard deviation, or number and percentages. Figure 1 resembles a scheme of actual evaluation of patients with coronary artery disease and their natural clinical history and pathway till the eventual CABG procedure, through diagnostic and therapeutic phases of such a process.
Results
Possible evolution of diagnostictherapeutic pathway
In particular, we defined "A" as the date of first test performed during the diagnostic phase; "B" corresponded to the date of the end of diagnostic phase, ie, the date of coronary angiography performance; "C" represented the date when patients were included in a reservation list in the CSU, ie, the beginning of the therapeutic phase; and finally "D" was the date resembling the end of the therapeutic phase, ie, admission to the CSU in order to perform the CABG procedure.
The periods between these dates were used in order to compute the different delays between the phases considered in CABG clinical pathways of the patients. We found different possible cases in agreement with the delays between phases, and above all between dates:
• Case 1 (A ,. B; B ,. C; C ,. D): this describes a situation in which the four tracing dates were sequentially ordered; 39 patients (7.9%) were included in this category.
• Case 2 (A ,. B; B ,. C; C = D): in this case, the first examination date was different from that of the coronary angiography. This was different from the admission reservation date, which was the same as that of admission. Following the diagnostic phase, a reservation was made on another date, and without any delay the patient was admitted to the CSU; 14 patients (2.8%) were included in this category.
• Case 3 (A ,. B; B = C; C ,. D): in this case, the first examination date was different from that of coronary angiography, but the same as the reservation date. CSU admission happened some days later; no patients (0%) were included in this category. For personal use only.
• Case 4 (A ,. B; A ,. C; B = D; B ,. C): in this case, some days after the first examination, admission reservation to CSU was planned. During the hospital stay, coronary angiography and surgery were performed; 127 patients (25.6%) were included in this category.
• Case 5 (A ,. B; B = C = D): in this case, after the first diagnostic examination, admission to the CSU was planned. On that very same date, coronary angiography and CABG surgery were performed; 81 patients (16.3%) were included in this category.
• Case 6 (A = B; A ,. C; A ,. D; C ,. D): in this case, all the diagnostic phases were performed at the same time. After this, a reservation for CSU admission was made, which happened some days later; 114 patients (23%) were included in this category.
• Case 7 (A = B; B ,. C; C = D): in this case, the diagnostic phase was completed all at once. The admission reservation was made on another date and corresponded with the admission date for CABG surgery; 39 patients (7.9%) were included in this category.
• Case 8 (A = B = C; A ,. D): in this case, the patient underwent first diagnostic evaluation, coronary angiography, and CSU reservation at the same time. CSU admission happened some days later; only two patients (0.4%) were included in this category.
• Case 9 (A = C; A ,. B; B = D): in this case, the patient completed the first examination of the diagnostic phase, and once results were in, admission to the CSU was planned. During the hospital stay, the patient underwent coronary angiography and the surgery; only one patient (0.2%) was included in this category.
• Case 10 (A = B = D; A ,. C; B ,. C; D ,. C): this is a special case. Maybe the patient had been examined and evaluated by a physician. For this reason, the CSU admission had been planned. The patient was admitted to hospital on another date, and during the hospital stay he or she underwent the first real diagnostic examination, coronary angiography, and CABG surgery; 79 patients (15.9%) were included in this category. Finally, we should mention an eleventh case A = B = D = C, 22 patients, in which all the dates coincide. Nevertheless, as previously mentioned, these patients underwent urgent surgical revascularization therapy, and for this reason we could not include them because our analysis only included programmed admissions.
Furthermore, Table 1 shows all the mean time delays for each case considered in every phase evaluated. In particular, it represents mean days for each case during diagnostic and therapeutic phases and the whole phase (comprising the temporal gap between diagnostic and therapeutic phases). Table 2 shows that with all the results from each case, there was prompt admission of patients to the CSU. In total, 484 patients (97.6%) underwent the final therapeutic phase within 0-30 days of their reservation date, and only one Table 3 are expressed in percentage, mean, median, and standard deviation. The minimum and maximum were calculated. Table 3 describes the following:
Time delays in CSU admission: evaluation of single cases
• The mean time delays in the diagnostic and therapeutic phases were 17.3 ± 31.306 and 5.09 ± 9.375 days, respectively.
• The medians calculated were 3.5 days and 2 days.
This means that few days elapsed between each phase of the clinical and surgical pathway followed by the patients. And if we consider that 27% and 19.8% received their surgery within the same day or at least the day after reservation (data not shown), we could really consider intervention for each patient to be almost immediate. In fact, at least 47.2% of patients also completed the diagnostic phase on the same day (data not shown). These data show an overall short delay in waiting lists for patients programmed for CABG surgery.
Discussion
Waiting lists for cardiac surgery are a serious problem in the general economy of the national health-care system. Sobolev et al 2 already demonstrated that delays in the admission of patients to a CSU increase in-hospital mortality when considering patients in "semiurgent" (ie, unstable or stable angina, left-main stenosis more than 50%, triple-vessel disease, or double-vessel disease with significant proximal left anterior descending stenosis and impaired left ventricular function 6 ) or "nonurgent" conditions (ie, stable symptomatic patients with double-vessel disease with no lesion in the proximal left anterior descending artery and normal left ventricular function, or single-vessel disease with significant stenosis of the proximal left anterior descending artery). 6 Furthermore, Sampalis et al 7 pointed out that waiting lists longer than 3 months for admission to hospital reduce physical and social skills of patients and make the rate of postoperative adverse events higher than in subjects operated on quickly after diagnosis and any time within 3 months. Thus, a program aiming at reducing waiting lists will further improve the prognosis of patients suffering from severe coronary heart disease. Unfortunately, at the moment we have no data about the real impact on prognosis of our program, and further research will be developed in order to improve results. On the other side, it is quite surprising to note that previous guidelines 6 do not consider waiting-list problems in their statements. For this reason, this research could add more insight into this complex problem.
If we succeed in further shortening cardiac surgery waiting lists, maybe at best to 1 day from coronary angiography, even in the case of "programmed" admissions to CSU, we will certainly reduce the mortality burden of cardiovascular diseases. The Apulia waiting list was demonstrated to be already short, providing fast admission for stable patients in the cardiac surgery department. Nevertheless, the program has not been able to further reduce the time elapsing between symptoms and diagnosis and between diagnosis and surgical intervention. These times are really important in order to improve the quality of life and treatment of patients. According to us, this would be obtained by potentiating the medical assistance and the health system: further economic efforts should be engaged in in order to consider more physicians and more instruments able to early detect diseases and early provide treatment. The ongoing economic crisis worldwide reduces the probability of rapid implementation, but one should consider that these interventions would not increase economic deficits due to the reduced incidence of coronary heart disease complications.
Furthermore, analysis of our data on time delay in diagnostic and therapeutic phases reveals the high variance in temporal gaps between them. This could account for cases characterized by long waiting in the list of admission to a CSU. We think that this gap could be due to patients' conditions (more "acute" patients will deserve more urgent admission, and this will reduce the possibility of admission of other less urgent patients), to the same waiting-list length, to the few physicians and instrumentation available, etc. Further evaluations are needed in order to assess the real factors able to influence such a gap.
We aimed to establish the role of coronary angiography as the best moment to be considered as starting point of waiting lists for CABG. For this reason, we used HDCs: these are official and traceable documents that show the clinical and surgical pathway followed by the patients and are easily identifiable with well-known codes. We thought that coronary angiography is the significant test that makes a surgeon decide whether to operate on a patient or not. Actually, heart surgeons' reports could be considered more appropriate than coronary angiography, but these are difficult to trace. Most reports, in fact, are not registered either in the patients' files or in HDCs. On the other hand, coronary angiography is always registered in HDCs, and therefore was easily evaluated in our research on standard conditions. The absence of the heart surgeons' reports is not relevant as an indication of CABG surgery, because we picked out those cases in which patients underwent coronary angiography, and that test certainly oriented the heart surgeon's choice toward the surgical procedure. Weekly peer-review conferences of cardiovascular specialists could try to decide on advancement or not in waiting lists. [8] [9] [10] However, "priority criteria" can be considered a solution in the case of extremely long waiting lists associated with several urgent needs for revascularization treatments. Due to the short time-to-treatment of stable patients, weekly conferences adopted in order to better take care of CABG patients are useless and not cost-effective.
Coronary angiography has to be considered the leading marker date to program an admission to a CSU. Other studies 11 tried to validate methodologies to reduce the length of the diagnostic-therapeutic pathway, mainly with the aim of bringing down to zero the number of patients waiting between 31-90 days or even more than 90 days.
Furthermore, Sobolev et al 12 underlined that waiting-list elongation could depend on urgent admissions, ie, urgent patients have priority over those on the waiting list and so delay the surgical treatment of registered and nonurgent patients. This could be observed in our population: urgent patients (not considered) do not face a waiting list; elective patients could undergo a worsening of their clinical condition, transforming them into urgent cases and so avoiding the waiting list. Nevertheless, the number of these patients is too small (only 2.2% await 31-90 days and 0.2% . 90 days from CSU reservation to day of admission; see Table 2 ), although every effort should be made to further reduce such a delay.
Limitations
This was an observational study, and this limits its results. Although theoretically correct, we had no proof that angiography could be used as a real starting point of waiting lists for CABG intervention. This could be considered a second limitation of the present research.
Conclusion
Apulia CABG waiting lists are short because the majority of patients considered suitable underwent the procedure within 8-30 days. Coronary angiography can be considered the theoretical starting point of waiting lists, due to its effectiveness in detection of patients suitable or not for the CABG procedure. Further studies are needed in order to improve the results and to shorten the waiting lists further.
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